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(54) Automatic frequency control circuit applicable to a mobile communication system 



(57) An automatic frequency control circuit com- 
prises an quadrature demodulation unit (10) for creating 
an in-phase signal and an antiphase signal by quadra- 
ture-demodulating a Gaussian Minimum Shiftkeying 
signal and supplying an electric field strength signal 
exhibiting an electric field strength of the Gaussian Min- 
imum Shiftkeying signal as well as the created in-phase 
and antiphase signals; a quality judging unit (30) for 
judging the quality of the Gaussian Minimum Shiftkeying 
signal and creating an automatic frequency-controlling 
data indicating a compensation amount in accordance 



with the obtained quality signal; a converter (20) for con- 
verting into digital signals the in-phase signal, antiphase 
signal and electric field strength signal supplied from 
the quadrature demodulation unit and converting the 
automatic frequency-controlling data into an analog sig- 
nal; a compensating circuit for compensating the fre- 
quency of the GMSK signal on the basis of the 
compensation amount indicated by the automatic fre- 
quency-controlling data converted into an analog signal 
by the converter. 
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Description 

The present invention relates to an automatic fre- 
quency control circuit applicable to a mobile communi- 
cation system, and more particularly to an automatic 
frequency control circuit for performing a frequency con- 
trol such as to deal with Doppler shift, multipass fading 
or the like which occurs during the movement of the 
mobile communication system. 

This kind of a conventional automatic frequency 
control circuit is disclosed in JP-A- 2-44886. The impor- 
tant part of the automatic frequency control disclosed in 
this article is shown in Fig. 3. 

In Fig. 3, a timing signal T for controlling counting 
movement is supplied from a timing signal generation 
circuit 102 to a counter 100 for counting an error detect- 
ing signal "C" from a PCM decoder 101 . An inhibit circuit 
includes the counter 100, the timing signal generation 
circuit 102 and a judging circuit 110. The judging circuit 
1 10 includes a latch circuit 1 11 , a reference value gen- 
eration circuit 1 12 and a comparison circuit 113. 

A corrparison unit 120 compares a count value 
from a counter 121 with a reference value from a refer- 
ence value generation circuit 122, so as to supply a 
three-valued signal. The output signal "C n from the com- 
parison unit 120 is supplied to a gate circuit 130. The 
gate circuit 130 prohibits the output signal n CV of the 
comparison unit 120 from being supplied to a control 
circuit 131 rf receiving from the comparison unit 113 
such a high level signal as indicating that the count 
value of the counter 100 is more than the reference 
value. 

More specifically, if the output value (count value) of 
the latch circuit 1 1 1 is more than the reference value as 
the result of the comparison of the comparison unit 113, 
the output of the comparison unit 1 13 is at a H level, the 
gate circuit 1 30 is closed to prohibit the comparison out- 
put "C1 " of the comparison unit 1 20 from being supplied 
to the control circuit 131, thereby prohfoiting the auto- 
matic frequency control operation. 

The above-mentioned conventional automatic fre- 
quency control circuit is constituted in that the gate cir- 
cuit 130 prohibits supplying the output signal of the 
comparison unit 120 to the control circuit 131 if receiv- 
ing from the comparison unit 120 the high level signal 
indicating that the count value of the counter 100 is 
more that the reference value. Therefore, if Doppler 
shift, multipass fading or the like occurs during the 
movement of the system to affect the received signal, 
such a malfunction may occur in the conventional auto- 
matic frequency control circuit that the comparison unit 
120 outputs a signal of high level and the gate circuit 
130 prohibits the automatic frequency control operation. 

The first object of the present invention is to provide 
an automatic frequency control circuit free from the mal- 
function caused by Doppler shift, multipass fading or the 
like, even if it may occur during the movement of a 
mobile communication system. 



According to one aspect of the invention, an auto- 
matic frequency control circuit installed on a mobile 
communication system, comprising: 

5 an quadrature demodulation means for creating an 

in-phase signal and an antiphase signal by quadra- 
ture-demodulating a Gaussian Minimum Shiftkey- 
ing signal being supplied to said means, and 
supplying an electric f ield strength signal exhibiting 

10 an electric field strength of the Gaussian Minimum 
Shiftkeying signal as well as said created in-phase 
and antiphase signals, 

a quality judging means for judging the quality of 
the Gaussian Minimum Shiftkeying signal on the 

is basis of said in-phase signal, antiphase signal and 
electric field strength signal, and creating an auto- 
matic frequency-controlling data indicating a com- 
pensation amount in accordance with the obtained 
quality signal so as to supply the same, 

20 a conversion means for converting said in-phase 
signal, antiphase signal and electric field strength 
signal supplied from said quadrature demodulation 
means into digital signals so as to transfer them to 
said quality judging means, and converting said 

25 automatic frequency-controlling data supplied from 
said quality judging means into an analog signal, 
and, 

a compensating means for compensating the fre- 
quency of the Gaussian Minimum Shiftkeying signal 
30 on the basis of the compensation amount indicated 
by said automatic frequency-controlling data con- 
verted into an analog signal by said conversion 
means. 

35 In the preferred construction, the quadrature 
demodulation means comprises a means for mixing the 
Gaussian Minimum Shiftkeying signal converted to a 
first intermediate frequency signal and an oscillation 
signal supplied from said compensating means on the 

40 basis of said automatic frequency-controlling data so as 
to convert them to a second intermediate frequency sig- 
nal, and a means for quadrature-modulating the second 
intermediate frequency signal so as to create said in- 
phase signal and antiphase signal. 

45 In the preferred construction, the quality judging 
means comprises a means for calculating an amount of 
interference between codes on the basis of said in- 
phase signal and antiphase signal, a means for calcu- 
lating the quality of the signal by the combination of said 

so codes interference amount and said electric field 
strength signal with the both as parameter, and a means 
for supplying said automatic frequency-controlling data 
indicating an compensation amount in accordance with 
the quality of the signal to said conversion means. 

55 In another preferred construction, the quality judg- 
ing means comprises a mutual-correlation factor calcu- 
lating circuit for calculating the mutual-correlation factor 
of the input signal on the basis of said in-phase and 
antiphase signals to compute an amount of interference 



2 



3 



EPO 738 053 A2 



4 



between codes, a signal quality calculating circuit for 
calculating the quality of the signal by the combination 
of said codes interference amount and said electric field 
strength signal with the both as parameter, a signal 
quality judging circuit for ranking the quality of the signal 5 
and supplying the control signal exhibiting a rank of the 
corresponding quality signal, and an automatic fre- 
quency-controlling data creating circuit for creating an 
automatic frequency-controlling data on the basis of 
said control signal. 

In the above-mentioned construction, the mutual- 
correlation factor calculating circuit obtains eleven 
mutual-correlation factors by shifting across central con- 
tinuous 16 bits among 26 bits of training sequence 
codes in one burst of the in-phase signal on the basis of 
the GSM, selects arbitrary five mutual-correlation fac- 
tors from the obtained eleven mutual-correlation factors 
to totalize the absolute values thereof, and subtracts a 
total of the absolute values of the other six mutual-cor- 
relation factors from a total of the absolute values of all 
the eleven mutual-correlation factors, except for the five 
mutual-correlation factors having the absolute values of 
which total is maximum, thereby to transmit the 
obtained value as a codes interference amount signal. 

In the above-mentioned construction, the signal 
quality calculating circuit 

having a table relating a combination of said 
codes interference amount and electric field strength 
signal to a numerical value predetermined to represent 
the quality of the input signal with the both as parame- 
ter, 

combines said codes interference amount calcu- 
lated by said mutual-correlation factor calculating circuit 
and said electric field strength signal supplied via said 
conversion means and checks them with said table, 
thereby to transmit the corresponding numerical value 
as a quality signal representing the quality of the corre- 
sponding input signal. 

In the above-mentioned construction, the signal 
quality judging circuit ranks the quality of the input sig- 
nal calculated by said signal quality calculating circuit, 
and transmits a control signal for controlling said auto- 
matic frequency -controlling data creating circuit in order 
to perform the predetermined compensation to said 
automatic frequency-controlling data in accordance with 
the quality rank of the corresponding signal. 

In the above-mentioned construction, the compen- 
sating means comprises a voltage controlled oscillation 
circuit for transmitting a predetermined signal which is 
used for the quadrature demodulation of the Gaussian 
Minimum Shiftkeying signal in said quadrature demodu- 
lation means, a temperature compensated crystal oscil- 
lation circuit for creating and supplying a compensation 
signal on the basis of said automatic frequency-control- 
ling data, and a phase lock loop circuit for controlling the 
oscillation frequency of said voltage controlled oscilla- 
tion circuit according to the compensation signal sup- 
plied from said temperature compensated crystal 
oscillation circuit; and 



the quadrature demodulation means comprises 
a means for mixing the Gaussian Minimum Shiftkeying 
signal converted to a first intermediate frequency signal 
and an oscillation signal supplied from said voltage con- 
trolled oscillation circuit of said compensating means so 
as to convert them to a second intermediate frequency 
signal, and a means for quadrature-modulating said 
second intermediate frequency signal so as to create 
said in-phase signal and antiphase signal. 

Other objects, features and advantages of the 
present invention will become clear from the detailed 
description given herebelow. 

The present invention will be understood more fully 
from the detailed description given herebelow and from 
the accompanying drawings of the preferred embodi- 
ment of the invention, which, however, should not be 
taken to be limitative to the invention, but are for expla- 
nation and understanding only. 

In the drawings: 

-Fig. 1 is a block diagram showing a constitution of 
an automatic frequency control circuit according to 
an embodiment of the present invention. 
Fig. 2 is a flow chart showing an operation of the 
embodiment. 

Fig. 3 is a block diagram showing a constitution of a 
conventional automatic frequency circuit. 

As shown in Fig. 1 , the automatic frequency control 
circuit of the embodiment cortprises an quadrature 
demodulation unit 10 for receiving a GMSK (Gaussian 
Minimum Shiftkeying) signal "S1" to quadrature-demod- 
ulate the same, a quality judgment unit 30 for judging 
the quality of the GMSK signal "S1". a converter 20 for 
carrying out digital to analog or analog to digital conver- 
sion of a signal between the quadrature demodulation 
unit 10 and the quality judgment unit 30, a temperature 
compensated crystal oscillation circuit (TCXO) 41 for 
compensating the frequency of the GMSK signal n SV 
on the basis of a result of judgment by the quality judg- 
ment unit 30, and a voltage controlled oscillation circuit 
(VCO) 42. It is noted here that Fig. 1 shows only charac- 
teristic parts of the constitution in the embodiment, 
while the description of the other constitution is omitted. 

The quadrature demodulation unit 10 includes a 
mixer 1 1 for receiving the GMSK signal n SV converted 
to a first intermediate frequency signal and converting it 
to a second intermecfiate frequency signal, a frequency 
demultiplier 12, a frequency demultiplier 13 for quadra- 
ture-modulating the second intermediate frequency sig- 
nal so as to create an in-phase signal "I" and an 
antiphase signal "Q". amplifiers 14. 15 and 17, mixers 
16 and 18, and a phase shifter 19. 

The GMSK signal "Sr received and converted to 
the first intermediate frequency signal by a mobile com- 
munication receiver is supplied to the mixer 11. The 
mixer 1 1 mixes a frequency divided signal by the fre- 
quency demultiplier 1 2 with the GMSK signal "Sr so as 
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to create the second intermediate frequency signal 
"S2". 

A signal is supplied from the voltage controlled 
oscillation circuit 42 to the frequency demultiplier 12. 
The frequency demultiplier divides the frequency of the 5 
signal by n1. The obtained frequency-divided signal is 
transferred to the mixer 11. It is noted here that n1 is an 
arbitrary whole number. 

Further, a signal is supplied from the voltage con- 
trolled oscillation circuit 42 to the frequency demultiplier to 

13. The frequency demultiplier 13 divides the frequency 
of the signal by n2. The obtained frequency-divided sig- 
nal is transferred to the phase shifter 19. It is noted here 
that n2 is an arbitrary whole number different from n1 . 

Provided at subsequent stages of the mixer 1 1 are is 
the mixer 16 including the amplifier 14 at its input side 
and the amplifier 15 at its output side, the mixer 18 
including the amplifier 1 4 at its input side and the ampli- 
fier 17 at its output side, and the phase shifter 19 for 
converting the phase of the second intermediate fre- 20 
quency signal "S2" supplied to the mixers 16 and 18. 

The second intermediate frequency signal "S2" is 
supplied from the mixer 1 1 to the mixer 1 6 via the ampli- 
fier 1 4. The mixer 1 6 creates the in-phase signal T hav- 
ing the same phase as the second intermediate 25 
frequency signal "S2". and transmits it via the amplifier 
15. 

Also, the second intermediate frequency signal 
"S2" is supplied from the mixer 1 1 to the mixer 1 8 via the 
amplifier 14. The mixer 18 creates the antiphase signal so 
"Q" of which phase is shifted at an angle of 90° with 
respect to the in-phase signal T supplied from the 
mixer 16. The mixer 18 supplies the antiphase signal 
"Q" via the amplifier 1 7. 

The phase shifter 1 9 shifts the phase of the second 35 
intermediate frequency signal "S2" supplied to the mixer 
18 at an angle of 90° with respect to the phase of the 
second intermediate frequency signal "S2" supplied to 
the mixer 16, thereby creating the in-phase signal "I" 
and the antiphase signal "Q". 40 

The quadrature demodulation unit 10 transmits to 
the converter 20 the in-phase signal "I" and the 
antiphase signal "Q" thus created, as well as an electric 
field strength signal "RSSr supplied from the amplifier 

14. 45 
The converter 20 includes an A/D conversion circuit 

21 , a D/A conversion circuit 22. and a PLL (Phase Lock 
Loop) circuit 23. 

The A/D conversion circuit 21 converts the in-phase 
signal T, the antiphase signal "Q" and the electric field so 
strength signal "RSSI* transmitted from the quadrature 
demodulation unit 10 into digital signals so as to send 
them to the quality judgment unit 30. 

The D/A conversion circuit 22 converts into an 
analog signal an automatic frequency-controlling data ss 
(referred to as AFC data hereinafter) signal "S3" trans- 
mitted from the quality judgment unit 30, which data will 
be described below. The D/A conversion circuit 22 
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sends the AFC data signal to the temperature compen- 
sated crystal oscillation circuit 41 . 

The PLL circuit 23 controls the voltage controlled 
oscillation circuit 42 on the basis of a compensation sig- 
nal H S4" from the temperature compensated crystal 
oscillation circuit 41. 

The quality judgment unit 30 includes a mutual-cor- 
relation factor calculating circuit 31 for calculating the 
mutual-correlation of the input signals, a signal quality 
calculating circuit 32 and a signal quality judging circuit 
33 for judging the quality of the input signal on the basis 
of the calculated mutual-correlation of the input signal, 
and an AFC data creating circuit 34 for creating an AFC 
data in accordance with the quality of the input signal. 

The in-phase signal T and the antiphase signal "Q" 
converted to the digital signals are supplied to the 
mutual-correlation factor calculating circuit 31. The cir- 
cuits 31 calculates the mutual-correlation factor of the 
input signal to compute an amount of interference 
between codes. Concretely, the codes interference 
amount is computed in the following manner. At first, in 
the GSM(Global System for Mobile communication), 
central continuous 16 bits among 26 bits of training 
sequence codes in one burst of the in-phase signal "I" 
are shifted across, thereby to obtain eleven mutual-cor- 
relation factors. Arbitrary five mutual-correlation factors 
are selected from the obtained eleven mutual-correla- 
tion factors and the absolute values thereof are total- 
ized. Except for the five mutual -correlation factors 
having the absolute values of which total is maximum, a 
total of the absolute values of the other six mutual-cor- 
relation factors is subtracted from a total of the absolute 
values of all the eleven mutual-correlation factors. The 
obtained value is supplied to the signal quality calculat- 
ing circuit 32 as the codes interference amount signal 
"S5". 

Essentially, the 16 bits corresponding to the six 
mutual-correlation factors having the absolute values 
whose total is maximum, are positioned at the center of 
the 26 bits of the training sequence codes unless the 
quality of the input signal is deteriorated. When the input 
signal is degraded in quality, the above 16 bits are 
shifted. Therefore, it can be detected by the above oper- 
ation whether the quality of the input signal is deterio- 
rated or not 

The signal quality calculating circuit 32 determines 
the quality of the input signal on the basis of the amount 
of interference between the codes exhibited by the 
codes interference amount signal "S5" supplied from 
the mutual-correlation factor calculating circuit 31 as 
well as the electric field strength signal "RSSI". To be 
concrete, the quality of the input signal is determined as 
follows. That is to say, the signal quality calculating cir- 
cuit 32 has a table which relates a combination of the 
codes interference amount and the electric field 
strength signal "RSSI" to a numerical value predeter- 
mined to represent the quality of the input signal, with 
the codes interference amount and the electric field 
strength signal "RSS!" as parameter. The amount of 
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interference between the codes of the input signal 
exhibited by the codes interference amount signal "S5" 
calculated by the mutual-correlation factor calculating 
circuit 31 and the electric field strength signal "RSSI" of 
the input signal supplied from the A/D conversion circuit 
21 of the converter 20 are combined and checked with 
the table, and the corresponding numerical value is sup- 
plied to the signal quality judging circuit 33 as a quality 
signal "S6" representing the quality of the input signal. 

The signal quality judging circuit 33 evaluates the 
quality of the input signal on the basis of the quality sig- 
nal "S6" from the signal quality calculating circuit 32, 
and controls the AFC data creating circuit 34. More spe- 
cifically, there are provided several ranks for evaluating 
the quality of the input signal, and it is judged which rank 
the quality signal "S6" of the input signal is in. A control 
signal "S7" for controlling the AFC data creating circuit 
34 is supplied in order to perform a predetermined com- 
pensation to the AFC data in accordance with the qual- 
ity rank of the quality signal "S6". 

The AFC data creating circuit 34 compensates the 
AFC data on the basis of the control signal "ST" from the 
signal quality judging circuit 33, so as to create and sup- 
ply the AFC data signal "S3". The output AFC data sig- 
nal "S3" is not only utilized by the mobile communication 
system body, but also transferred to the D/A conversion 
circuit 22 of the converter 20. The AFC data is compen- 
sated by multiplying the AFC data by a compensation 
factor previously set in correspondence with every rank 
of the quality of the input signal. 

A more detailed description will be made about the 
judgment of the quality of the input signal by the signal 
quality judging circuit 33 and the compensation of the 
AFC data performed by the AFC data creating circuit on 
the basis of that quality judgment. 

More specifically, the signal quality judging circuit 
33 fixes on the quality of the input signal either of eleven 
ranks between "10" exhibiting the highest quality and 
"0" exhibiting the lowest quality. The AFC data creating 
circuit 34 regards the ranks "3" and below as inferior 
quality and compensates the input signal in the same 
manner when any of the ranks "3" and below is fixed on 
the quality of the input signal. In this case, if the signal 
quality judging circuit 33 decides that the quality signal 
"S6" delivered from the signal quality calculating circuit 

32 corresponds to the rank "10", the signal quality is 
kept by 100%. The AFC data creating circuit 34 multi- 
plies the AFC data by a compensation factor predeter- 
mined in accordance with the quality. Then, the AFC 
data creating circuit 34 supplies the AFC data signal 
"S3" thus obtained. 

In the case where the signal quality judging circuit 

33 judges that the quality signal "S6" transmitted from 
the signal quality calculating circuit 32 corresponds to a 
rank "7", the signal quality is kept by 70%. The AFC data 
creating circuit 34 multiplies the AFC data by a compen- 
sation factor predetermined in accordance with the 
quality. Then, the AFC data creating circuit 34 supplies 
the AFC data signal "S3" thus obtained. 



Further, if the signal quality judging circuit 33 
judges that the quality signal "S6" transmitted from the 
signal quality calculating circuit 32 corresponds to the 
rank "3", the signal quality is kept by 30%. Because the 

5 AFC data creating circuit 34 treats the quality in the rank 
"3" and below as the same inferior quality, the AFC data 
creating circuit 34 multiplies the AFC data by a compen- 
sation factor predetermined in accordance with the 
quality in the rank "0". Then, the AFC data creating cir- 

w cuit 34 supplies the AFC data signal "S3" thus obtained. 
Incidentally, how many ranks there provided for 
evaluating the quality of the input signal and how a com- 
pensation factor corresponding to each quality rank is 
predetermined, can be appropriately decided in accord- 

15 ance with the constitution or purpose of use of the 
mobile communication system, the frequency of an 
input signal to be dealt with by the communication sys- 
tem, or the like. 

The AFC data signal "S3" converted to the analog 

20 signal by the D/A conversion circuit 22 of the converter 
20 is supplied to the temperature compensated crystal 
oscillation circuit 41. The circuit 41 transmits the com- 
pensation signal "S4" on the basis of the AFC data sig- 
nal "S3". The compensation signal "S3" is supplied to 

25 the PLL circuit 23 of the converter 20 to control the volt- 
age controlled oscillation circuit 42. The signal "S3" is 
also supplied to the quality judgment unit 30 so as to be 
used as an operation clock for the respective circuits 31 
to 34. 

30 A control voltage of the voltage controlled oscilla- 
tion circuit 42 is controlled by the PLL circuit 23, thereby 
to vary the oscillation frequency. Then, as described 
above, the output signal of the voltage controlled oscil- 
lation circuit 42 is supplied to the frequency demultipli- 
35 ers 1 2 and 1 3, so that information of the AFC data is fed 
back to the GMSK signal "S1". 

Referring to a flow chart of Fig. 2, an operation of 
the embodiment will be described below. 

When the received GMSK signal "S1 " is supplied to 
40 the mixer 11 of the quadrature demodulation unit 10 
(Step 201), the frequency demultiplying signal from the 
frequency demultiplier 12 is mixed with the GMSK sig- 
nal "S1 " so that the second intermediate frequency sig- 
nal "S2" is created (Step 202). After being amplified by 
45 the amplifier 1 4, the second intermediate frequency sig- 
nal "S2" is supplied to the mixers 16 and 18. After the 
phase of the second intermediate frequency signal "S2" 
is shifted by the phase shifter 19, it is amplified by the 
amplifiers 15 and 17 so as to be supplied to the con- 
so verter 20 as the in-phase signal "I" and the "antiphase 
signal "Q" (Step 203). The second intermediate fre- 
quency signal "S2" is divided by the amplifier 14 and 
supplied to the converter 20 as the electric field strength 
signal "RSSI". 

55 The in-phase signal "I", the antiphase signal "Q" 
and the electric field strength signal "RSSI" supplied to 
the converter 20 are converted to the digital signals by 
the A/D conversion circuit 21 , so as to be supplied to the 
quality judgment unit 30 (Step 204). 
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When the in-phase signal "I" and the antiphase sig- 
nal "Q" are supplied to the mutual-correlation factor cal- 
culating circuit 31 of the quality judgment unit 30, the 
amount of interference between the codes is calculated 
on the basis of the in-phase signal "I" and the antiphase 
signal "Q". The codes interference amount signal "S5" 
representing the result of the calculation is supplied to 
the signal quality calculating circuit 32 (Step 205). Sub- 
sequently, in the signal quality calculating circuit 32, the 
quality signal "S6" representing the quality of the input 
signal by a numerical value is created on the basis of 
the amount of interference between the codes exhibited 
by the codes interference amount signal "S5" and the 
electric field strength signal "RSSI", the quality signal 
"S6" being supplied to the signal quality judging circuit 
33 (Step 206). Thereafter, the quality of the input signal 
is ranked on the basis of the quality signal n S6" supplied 
to the signal quality judging circuit 33. In this connec- 
tion, the control signal "S7" is supplied so that the AFC 
data creating circuit 34 performs the compensation pre- 
determined in correspondence to the rank of the signal 
(Step 207). When the control signal n S7" is supplied to 
the AFC data creating circuit 34, the AFC data is com- 
pensated in response to the control signal "S7", so as to 
supply the AFC data signal(Step 208). 

The AFC data signal "S3" created by the AFC data 
creating circuit 34 is utilized by the mobile communica- 
tion system body, and also supplied to the temperature 
compensated crystal oscillation circuit 41 after it has 
been converted to the analog signal by the D/A conver- 
sion circuit 22 (Step 209). 

Consequently, the compensation signal "S4" corre- 
sponding to the AFC data signal "S3* is created in the 
temperature compensated crystal oscillation circuit 41 
and supplied to the PLL circuit 23 (Step 21 0). The volt- 
age controlled oscillation circuit 42 is controlled on the 
basis of the compensation signal "S4" by the PLL circuit 
23, thereby carrying out the automatic frequency control 
(Step 211). 

As described above, according to the automatic fre- 
quency control circuit of the present invention, since the 
frequency is automatically controlled on the basis of the 
result of judgment of the signal quality by the quality 
judgment unit 30, even when Doppler shift or multipass 
fading occurs during the movement of the mobile com- 
munication system, the frequency of the input signal 
can be compensated in accordance with the degrada- 
tion of the quality of the signal. Thus, it is possible to 
prevent the malfunction of the mobile communication 
system such as stoppage of the operation of the sys- 
tem. 

Although the invention has been illustrated and 
described with respect to exemplary embodiment 
thereof, it should be understood by those skilled in the 
art that the foregoing and various other changes, omis- 
sions and additions may be made therein and thereto, 
without departing from the spirit and scope of the 
present invention. Therefore, the present invention 
should not be understood as limited to the specific 



embodiment set out above but to include all possible 
embodiments which can be embodies within a scope 
encompassed and equivalents thereof with respect to 
the feature set out in the appended claims. 

5 

Claims 

1 . An automatic frequency control circuit installed on a 
mobile communication system, comprising: 

10 

an quadrature demodulation means (10) for 
creating an in-phase signal and an antiphase 
signal by quadrature-demodulating a Gaussian 
Minimum Shiftkeying signal being supplied, 

15 and supplying an electric field strength signal 

exhibiting an electric field strength of the Gaus- 
sian Minimum Shiftkeying signal as well as said 
created in-phase and antiphase signals, 
a quality judging means (30) for judging the 

20 quality of the Gaussian Minimum Shiftkeying 

signal on the basis of said in-phase signal, 
antiphase signal and electric field strength sig- 
nal, and creating an automatic frequency-con- 
trolling data indicating a compensation amount 

25 in accordance with the obtained quality signal 

so as to supply the same, 
a conversion means (20) for converting said in- 
phase signal, antiphase signal and electric f ield 
strength signal supplied from said quadrature 

30 demodulation means (10) into digital signals so 

as to transfer them to said quality judging 
means (30), and converting said automatic fre- 
quency-controlling data supplied from said 
quality judging means (30) into an analog sig- 

35 nal, and, 

a compensating means for compensating the 
frequency of the Gaussian Minimum Shiftkey- 
ing signal on the basis of the compensation 
amount indicated by said automatic frequency- 

40 controlling data converted into an analog signal 

by said conversion means (20). 

2. An automatic frequency control circuit as set forth in 
Claim 1, wherein 

45 

said quadrature demodulation means (10) 
comprises 

a means (1 1) for mixing the Gaussian Minimum 
Shiftkeying signal converted to a first interme- 

so diate frequency signal and an oscillation signal 

supplied from said compensating means on the 
basis of said automatic frequency-controlling 
data so as to convert them to a second inter- 
mediate frequency signal, and 

55 a means (12, 13; 16, 18, 19) for quadrature- 

modulating the second intermediate frequency 
signal so as to create sard in-phase signal and 
antiphase signal. 
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3. An automatic frequency control circuit as set forth in 
Claim 1 or 2, wherein 

said quality judging means (30) comprises 
a means (31) for calculating an amount of inter- 5 
ference between codes on the basis of said in- 
phase signal and antiphase signal, 
a means (32, 33) for calculating the quality of 
the signal by the combination of said codes 
interference amount and said electric field 10 
strength signal with the both as parameter, and 
a means (34) for supplying said automatic fre- 
quency-controlling data indicating a compen- 
sation amount in accordance with the quality of 
the signal to said conversion means (20). 15 

4. An automatic frequency control circuit as set forth in 
Claim 1, 2, or 3, wherein 

said quality judging means (30) comprises 20 
a mutual-correlation factor calculating circuit 
(31 ) for calculating the mutual-correlation factor 
of the input signal on the basis of said in-phase 
and antiphase signals to compute an amount of 
interference between codes, 25 
a signal quality calculating circuit (32) for calcu- 
lating the quality of the signal by the combina- 
tion of said codes interference amount and said 
electric field strength signal with the both as 
parameter, 30 
a signal quality judging circuit (33) for ranking 
the quality of the signal and supplying the con- 
trol signal exhibiting a rank of the correspond- 
ing quality signal, and 

an automatic frequency-controlling data creat- 35 
ing circuit (34) for creating an automatic fre- 
quency-controlling data on the basis of said 
control signal. 

5. An automatic frequency control circuit as set forth in 40 
Claim 4, wherein 

said mutual-correlation factor calculating circuit 
(31) 

obtains eleven mutual-correlation factors by 45 
shifting across central continuous 16 bits 
among 26 bits of training sequence codes in 
one burst of the in-phase signal on the basis of 
the GSM, 

selects arbitrary five mutual-correlation factors so 
from the obtained eleven mutual-correlation 
factors to totalize the absolute values thereof, 
and 

subtracts a total of the absolute values of the 
other six mutual-correlation factors from a total 55 
of the absolute values of all the eleven mutual- 
correlation factors, except for the five mutual- 
correlation factors having the absolute values 
of which total is maximum, thereby to transmit 



the obtained value as a codes interference 
amount signal. 

6. An automatic frequency control circuit as set forth in 
Claim 4 or 5, wherein 

said signal quality calculating circuit (32) 
having a table relating a combination of said 
codes interference amount and electric field 
strength signal to a numerical value predeter- 
mined to represent the quality of the input sig- 
nal with the both as parameter, 
combines said codes interference amount cal- 
culated by said mutual-correlation factor calcu- 
lating circuit and said electric field strength 
signal supplied via said conversion means and 
checks them with said table, thereby to transmit 
the corresponding numerical value as a quality 
signal representing the quality of the corre- 
sponding input signal. 

7. An automatic frequency control circuit as set forth in 
Claim 4, 5, or 6, wherein 

said signal quality judging circuit (33) 
ranks the quality of the input signal calculated 
by said signal quality calculating circuit (32), 
and transmits a control signal for controlling 
said automatic frequency-controlling data cre- 
ating circuit (34) in order to perform the prede- 
termined compensation to said automatic 
frequency-controlling data in accordance with 
the quality rank of the corresponding signal. 

8. An automatic frequency control circuit as set forth in 
Claim 4, wherein: 

said mutual -correlation factor calculating circuit 
(31) 

obtains eleven mutual-correlation factors by 
shifting across central continuous 16 bits 
among 26 bits of training sequence codes in 
one burst of the in-phase signal on the basis of 
the GSM, 

selects arbitrary five mutual-correlation factors 
from the obtained eleven mutual-correlation 
factors to totalize the absolute values thereof, 
and 

subtracts a total of the absolute values of the 
other six mutual-correlation factors from a total 
of the absolute values of all the eleven mutual- 
correlation factors, except for the five mutual - 
correlation factors having the absolute values 
of which total is maximum, thereby to transmit 
the obtained value as a codes interference 
amount signal; and 

said signal quality calculating circuit (32) 
having a table relating a combination of said 
codes interference amount and electric field 
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strength signal to a numerical value predeter- 
mined to represent the quality of the input sig- 
nal with the both as parameter, 
combines the amount of interference between 
the codes exhibited by said codes interference s 
amount signal supplied from said mutual-corre- 
lation factor calculating circuit (31) and said 
electric field strength signal supplied via said 
conversion means and checks them with said 
table, thereby to transmit the corresponding 10 
numerical value as a quality signal represent- 
ing the quality of the corresponding input sig- 
nal. 

9. An automatic frequency control circuit as set forth in 15 
Claim 4, wherein: 

said signal quality calculating circuit (32) 
having a table relating a combination of said 
codes interference amount and electric field 20 
strength signal to a numerical value predeter- 
mined to represent the quality of the input sig- 
nal with the both as parameter, 
combines said codes interference amount cal- 
culated by said mutual-correlation factor calcu- 25 
lating circuit (31) and said electric field strength 
signal supplied via said conversion means and 
checks them with said table, thereby to transmit 
the corresponding numerical value as a quality 
signal representing the quality of the corre- 30 
sponding input signal; and 
said signal quality judging circuit (33) 
ranks the quality of the input signal exhibited by 
the quality signal supplied from said signal 
quality calculating circuit (32), and supplies a 35 
control signal for controlling said automatic fre- 
quency-controlling data creating circuit (34) in 
order to perform the predetermined compensa- 
tion to said automatic frequency-controlling 
data in accordance with the quality rank of the 40 
corresponding signal. 

1 0. An automatic frequency control circuit as set forth in 
Claim 4, wherein: 

45 

said mutual-correlation factor calculating circuit 
(31) 

obtains eleven mutual-correlation factors by 
shifting across central continuous 16 bits 
among 26 bits of training sequence codes in so 
one burst of the in-phase signal on the basis of 
the GSM, 

selects arbitrary five mutual-correlation factors 
from the obtained eleven mutual-correlation 
factors to totalize the absolute values thereof, ss 
and 

subtracts a total of the absolute values of the 
other six mutual-correlation factors from a total 
of the absolute values of all the eleven mutual- 



correlation factors, except for the five mutual- 
correlation factors having the absolute values 
of which total is maximum, thereby to transmit 
the obtained value as a codes interference 
amount signal; 

said signal quality calculating circuit (32) 
having a table relating a combination of said 
codes interference amount and electric field 
strength signal to a numerical value predeter- 
mined to represent the quality of the input sig- 
nal with the both as parameter, 
combines the amount of interference between 
the codes exhibited by said codes interference 
amount signal supplied from said mutual-corre- 
lation factor calculating circuit (31) and said 
electric field strength signal supplied via said 
conversion means and checks them with said 
table, thereby to transmit the corresponding 
numerical value as a quality signal represent- 
ing the quality of the corresponding input sig- 
nal; and 

said signal quality judging circuit (33) 
ranks the quality of the input signal exhibited by 
the quality signal supplied from said signal 
quality calculating circuit (32), and supplies a 
control signal for controlling said automatic fre- 
quency-controlling data creating circuit in order 
to perform the predetermined compensation to 
said automatic frequency-controlling data in 
accordance with the quality rank of the corre- 
sponding signal. 

1 1 . An automatic frequency control circuit as set forth in 
any of Claims 1 to 10, wherein: 

said compensating means comprises 
a voltage controlled oscillation circuit (42) for 
transmitting a predetermined signal which is 
used for the quadrature demodulation of the 
Gaussian Minimum Shrftkeying signal in said 
quadrature demodulation means, 
a temperature compensated crystal oscillation 
circuit (41) for creating and supplying a com- 
pensation signal on the basis of said automatic 
frequency-controlling data, and 
a phase lock loop circuit (23) for controlling the 
oscillation frequency of said voltage controlled 
oscillation circuit according to the compensa- 
tion signal supplied from said temperature 
compensated crystal oscillation circuit; and 
said quadrature demodulation means (10) 
comprises 

a means (1 1 ) for mixing the Gaussian Minimum 
Shiftkeying signal converted to a first interme- 
diate frequency signal and an oscillation signal 
supplied from said voltage controlled oscillation 
circuit of said compensating means so as to 
convert them to a second intermediate fre- 
quency signal, and 
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a means (16, 18, 19) for quadrature-modulat- 
ing said second intermediate frequency signal 
so as to create said in-phase signal and 
antiphase signal. 

5 

An automatic frequency control circuit as set forth in 
any of Claims 1 to 1 1 , wherein: 

said quality judging means (30) comprises 
a mutual-correlation factor calculating circuit 10 
(31 ) for calculating the mutual-correlation factor 
of the input signal on the basis of said in-phase 
and antiphase signals to compute an amount of 
interference between codes, 
a signal quality calculating circuit (32) for calcu- is 
lating the quality of the signal by the combina- 
tion of said codes interference amount and said 
electric field strength signal with the both as 
parameter, 

a signal quality judging circuit (33) for ranking 20 
the quality of the signal and supplying the con- 
trol signal exhibiting a rank of the correspond- 
ing quality signal, and 

an automatic frequency-controlling data creat- 
ing circuit (34) for creating an automatic fre- 25 
quency-controlling data on the basis of said 
control signal; 

said compensating means comprises 

a voltage controlled oscillation circuit (42) for 

transmitting a predetermined signal which is 30 

used for the quadrature demodulation of the 

Gaussian Minimum Shiftkeying signal in said 

quadrature demodulation means, 

a temperature compensated crystal oscillation 

circuit (41) for creating and supplying a com- 35 

pensation signal on the basis of said automatic 

frequency-controlling data, and 

a phase lock loop circuit (23) for controlling the 

oscillation frequency of said voltage controlled 

oscillation circuit according to the compensa- 40 

tion signal supplied from said temperature 

compensated crystal oscillation circuit; and 

said quadrature demodulation means (10) 

comprises 

a mixer (1 1 ) for mixing the Gaussian Minimum 45 
Shiftkeying signal converted to a first interme- 
diate frequency signal and an oscillation signal 
supplied from said voltage controlled oscillation 
circuit of said compensating means so as to 
convert them to a second intermediate fre- so 
quency signal, and 

mixers (1 6, 1 8) or a phase shifter ( 1 9) for quad- 
rature-modulating said second intermediate 
frequency signal so as to create said in-phase 
signal and antiphase signal. 55 
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